Assuming that the solar neutrino deficit is resolved by the resonant interaction of the neutrino magnetic moment with the solar magnetic field, in the framework of Resonant Spin Flavour Precession (RSFP) scenario, it becomes quite obvious to extract the solar magnetic field profile from the framework itself, in order to explain the solar neutrino data. As because the magnetic field profile, B(x), is there inbuilt in the structure of scenario. An approximate qualitative analysis has been done for vanishing vacuum mixing, and it has been found that the profile derived is quite robust in the sense that on changing the neutrino parameters (µ ν , ∆m 2 ), the profile is just scaled along the axes. However, the solar neutrino observations can constrain the amplitude of the profile. And a better analysis of solar neutrino data can reflect a more stable shape to the profile. The current approach is quite different from the usual one, in which the field profile is obtained by imposing an arbitrary field function on the framework, from outside, and tested by performing χ 2 min. -calculations, using solar neutrino data. The profile evolves naturally from the scenario as it is a hidden characteristic of it. In principle, the nature of the profile is strongly dependent on the solar matter density distribution function.
Introduction
The procedure of extracting the profile from the RSFP framework is more general and transparent than that has been done with the other authers [9] .
In the present paper, a general estimate of the solar neutrino data [6] has been considered and it has been tested that how the derived profile is affected by changing of the neutrino parameters. The paper has been divided in four sections. The solar magnetic field, at the present status, is briefed in section 2. In section 3 the derivation of the field profile from the RSFP scenario is achieved. And, the section 4 is devoted to the results and the discussion.
Magnetic Field in the Sun
Very little is known about the magnetic field inside the sun. Apart from the anormous success of the SSM in predicting the thermal and nuclear evolution inside the sun it does not through enough light on the solar magnetic properties. In the most realistic MHD model of regular magnetic fields in the convective zone, the main component of field is toroidal with opposite polarities in the northern and the southern solar hemispheres. The MHD models [10] do not exclude the presence of a significant magnetic field of few hundred kilogauss at the bottom of the convective zone (CZ). The field certainly exists in the CZ and may extend down to the core. The convective field is somehow caused by the relative rotation of solar layers in the convective zone (0.71 solar radius to the surface). At the sunspot maximum the surface field may reach 10 3 − 10 4 Gauss inside the spot and in the sunspot minimum the field falls below 10 2 G. Below the surface to the bottom of the CZ the field cannot be measured directly except for an upper limit of 300 kG from helioseismological data [11] . There are recent models [12] which argue that the field generation of about 100 kG occurs in the shear layer near the bottom of CZ. A strong field of 4 × 10 5 G extending over 3 × 10 4 km at the bottom of the convective zone would force the CZ to extend deep enough to sufficiently distroy the 7 Li abundance though not completely destroying it during the 4.5 × 10 9 yrs [13] .
Below the bottom of the convective zone, the field could be large but the field response time due to plasma effect is of the order of 10 10 yrs in this region [14] . Such a field, if it exists, will remain frozen over the intire life history of sun. Parker, in reference [10] has shown that a field in excess of 0.5 × 10 8 G in the central core would be lost from the sun during its evolution as a consequence of its buoyancy. Unlike the CZ, the radiative zone (RZ) is not continuously mixed and rotates as a solid body. The properties of the magnetic fields in the interior of the sun has been investigated by some authers [15] by considering the poloidal nature of magnetic fields. According to a recent study a toroidal field of complex spatial structure can exist in the RZ [16] .
In the absence of reliable knowledge of solar magnetic fields from the astrophysical observations it becomes worthwhile to extract the solar magnetic field profile from the solar neutrino data within the framework of RSFP scenario. However, the bounds discussed above can offer little help to constrain the amplitude of field in the solar interior.
Derivation of Solar Magnetic Field Profile
In the RSFP scenario, the neutrino propagation in the solar medium with a transverse component of magnetic field, B, can be described by a Schrodinger-like evolution equation for Majorana neutrino flavours in the chiral basis (ν e , ν µ , ν e , ν µ ) as
with the Hamiltonian matrix given by
, θ is the vacuum mixing angle and µ (= µ eµ ) denotes the transition (off-diagonal) magnetic moment. The diagonal magnetic moments are absent for the Majorana neutrinos. The matter potentials for a neutral unpolarised medium are given by
where G F is the Fermi constant and N e , N n are the number densities of electrons, neutrons, respectively, in the solar medium.
In the framework, the neutrino propagation is considered to be adiabatic except for a small region in the vicinity of resonance, where the two eigenvalues are the closest, there is a chance of nonadiabatic behaviour that the neutrino may jump from one eigenvalue to the other. This nonadiabatic effect is measured by the crossing probability between the eigenvalues. For 'θ' vanishingly small, the spinflavour conversion (ν e → ν µ ) is governed by the '2 × 2' submatrix a νe µB µB
At resonance, the diagonal elements of the matrix are equal
here a νe =
N e and a νµ = −
Ne 6 with the approximation N n ≈ N e /6. The equation can be further simplified as the following
The electron density in the sun follows an exponential behaviour along the neutrino trajectory and is well approximated by [17] 
where r is the radial distance from the sun and R s is the solar radius. Now, by eliminating the factor G F N e in eqn. 3, one can obtain
From equation 4, the resonance points in the solar interior can be derived as
Assuming a linear density fall off along the nonadiabatic region, the crossing probability in the Landau-Zener approximation is given by
Here, γ RSF P is the adiabaticity parameter
which is very sensitive to the nature of magnetic field profile B(x). Here x = r/R s , the position of the resonance points in the units of solar radius. An approximate survival probability for neutrinos, when they all are assumed to be produced at the same point, can be obtained by using the analysis of Parke [18] as
whereθ i andθ f are the RSFP mixing angles at the beginning and at the end of the neutrino trajectory and are defined as
here a νe (0) is the matter potential at the production point of neutrinos. When neutrinos are born far from the resonance and then pass through it, the mixing angles can be well approximated as cos 2θ i cos 2θ f ∼ − 1 and the total survival probability is given by
Now, using equation 4, one can eliminate the factor
from the above equation as
And in this way, the desired field profile can be extracted from eqn. 10, as
the profile can be further generalised as
where B µ = 5.07×10 −11 4πµ 2 0.09Rs
and B P = (−ln(P sur )). So, by keeping neutrino magnetic moment, µ ν , constant and using the survival probability obtained from the analysis of solar neutrino data, the magnetic field along the path of neutrino trajectory, in the solar interior, can be evaluated.
Results and Discussion
The derived profile is exponential in nature and is strongly dependent on the exponential behaviour of the solar matter density distribution [17] . The amplitude of the profile is a function of magnetic moment and the survival probability of neutrinos. However, the exponent of the profile is a function of ∆m 2 and neutrino energy, E. The effect of the neutrino parameters and the solar neutrino data, on the shape of the profile has a detail study in the present paper. For simplicity of calculations, the solar neutrino spectrum, (≤ 15) MeV , has been categorised in three energy bands. The low energy, (≤ 0.42) MeV , intermediate energy, (0.43 − 0.861) MeV , and high energy, (0.862 − 15) MeV , bands. If P L , P I , P H are the three central values of the survival probabilities corresponding to the three categories of the neutrinos, respectively, then the field profile equation 12 can be rewritten as
Taking ∆m 2 = 1 × 10 −8 eV 2 , µ ν =10 −11 µ B (µ B is Bohr magneton) and P L = 0.9, P I = 0.2, P H = 0.5, the field distribution has been obtained for eqns. neutrino spectrum. The first patch, B 1 (x L ), corresponds to the resonance points of the mildly suppressed low energy neutrinos, the strongly suppressed intermediate energy neutrinos reflect the magnetic field points of the second patch, B 2 (x I ), and the resonance points of the moderately supressed high energy neutrinos provide the field points corresponding to the third patch, B 3 (x H ). It is clear from the figure that there is a sharp rise in the field, somewhere in the solar interior. The result is consistent with the findings of the many authors [8] and J. Pulido in [6] . The strong field corresponds to the second (middle) patch is a result of large conversion of the intermediate energy neutrinos. And the moderate field in the third patch is reflected by the moderate conversion for the high energy sector of the 8 B neutrinos. However, unlike this, less conversion of low energy neutrinos couldn't reflect a very weak magnetic field in the first patch because the low energy neutrinos resonate in the region of higher matter density, in the inner part of sun. So, larger field is required to compete with the higher effective resonance density in order to obtain small adiabatic conversion (10%) for pp-neutrinos. Only the total survival, P L ≈ 1.0, of low energy neutrinos can reflect a vanishing magnetic field, B 1 (x L ) ≈ 0.0, in the first patch.
-----------------------r/Rs -----------------------------
The behaviour of the profile has been tested for the different values of neutrino parameters (∆m 2 , µ ν ). The effect of the neutrino magnetic moment has been 0.5 fig. 2 . It affects equally all the three patches of the field. For small magnetic moment, µ ν = 10 −12 µ B , the field is increased, by one order, at all the points on the profile, as compared to the field distribution for large magnetic moment, µ ν =10 −11 µ B . So, any change in the value of neutrino magnetic moment does not affect the distribution function as it only scales the magnetic field strength at all the points by the same amount. Any change of ∆m 2 changes the positions of resonance points of neutrinos as can be seen from eqn. 5. The parameter appears in eqn. 12, in such an indirect way that it can only scale the field at different points in the solar interior. A confirmed value of ∆m 2 can fix the positions of the resonance points of all the solar neutrinos of different energies, and thereby the fields at those points in the solar interior. So the value of ∆m 2 can imply that at which part of the sun (RZ or CZ), the profile would exist. The effect of ∆m 2 variation, has been shown in the figure 3. In the figure there are shown three sets of the profile, which corresponds to the three different values of ∆m 2 . Set:I for ∆m 2 = 10 −9 eV 2 , Set:II for ∆m 2 = 10 −8 eV 2 and Set:III corresponds to ∆m 2 = 10 −7 eV 2 . For large value of ∆m 2 as the resonance points are shifted towards the solar interior thereby the field profile is accordingly scaled in the region. This means that if the profile exists in the radiation zone, the field is exponentially decreasing in the convective zone. For a smaller value of ∆m 2 the profile is scaled towards the surface and for ∆m 2 ≤ 10 −9 eV 2 it extends beyond Figure 3 : The scaling of the field by varying ∆m 2 the solar surface as shown in the figure. So, if the profile exists in the convective zone it seems that there could be large field in the radiation zone.
As discussed earlier that the amplitude strength of the magnetic field profile is sensitive to the solar neutrino data. The effect has been shown in the fig. 4 . Here two different sets of average neutrino survival probabilities are used. Set-I: P L = 0.9, P I = 0.2, P H = 0.4 Set-II: P L = 0.8, P I = 0.001, P H = 0.6 It has been noted that the change of probability values in any of the neutrino category, the field is scaled as a square root of negative of logarithmic value of the probability, at the same point of the corresponding field patch. And it is not scaled along the axis of resonance points.
By taking into account of the little knowledge of the solar magnetic field as discussed in section 2, one can put forward the predictions of the transverse field in the solar interior. From the knowledge of almost all the MHD models, helioseismological data and the χ 2 -analysis done by many authors, it seems to be clear that there exists a strong field near the bottom of CZ (≈ 0.71 R s ). And from the present study, it has been varified that the strong part/ patch of the field corresponds to the maximum conversion and suppression of the neutrino flux. Large suppression of intermediate energy neutrinos was realised by J. N. Bahcall and by several other authors [6] . Major part (71% of the total flux) of the intermediate . So, it is sensible to assume that the 7 Be -neutrinos resonate in the region of strong field near the bottom of CZ. Utilising the characteristic single energy line, (E = 0.861 MeV ), one can obtain the value of ∆m 2 by using the eqn. 4. Fixing the resonance point for 7 Be -neutrinos at 0.71 R s the value is found to be ∆m 2 = 1.64 × 10 −8 eV 2 . Now, assuming the neutrino magnetic moment of the order of µ ν =10 −11 µ B , not excluded by the experimental results [19] [(10 −12 − 10 −10 ) µ B ], and taking the survival probabilities for low energy pp -neutrinos: P L = 0.9, for 7 Be -neutrinos: P I = 0.2, and for the high energy part of 8 B -neutrino spectrum: P H = 0.5, a proposed sketch of the profile has been shown in figure 5 . However, there is a strong field at the base of CZ, the chances of large field amplitude can not be ruled in the radiative zone. The magnetic field profile shown in the figure is rather a qualitative projection of the solar neutrino data. The amplitude of the profile can be constrained by using a detailed analysis of the solar neutrino data. A continuous survival probability function, of neutrino energy, can reflect a continuous field for the solar interior, rather than the patches of field as obtained in the present work.
To conclude, if RSFP is a true solution of Solar Neutrino Problem (SNP) it becomes more plausible to study the profile derived in the present work, from the inbuilt structure of the framework, rather to impose a profile from outside for the where B 0 is the maximum field amplitude of the field corresponding to the intermediate energy neutrinos. These parameters can be tuned along with the neutrino parameters in order to perform the best fit calculations with the latest available solar neutrino data [20] . And it is expected that A 2 ≤ A 1 ≤ 1.0 . A quite stable shape to the profile can be also obtained by using the detailed analysis of solar neutrino data for survival probabilities, and taking into account the best approximated astrophysical observations. The proposed profile requires a detailed study as this is the only profile that RSFP can reflect out of its framework.
